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Control of Congestion at Highly Congested Junctions 
A. D. MAY and F. 0. MONTGOMERY 

ABSTRACT 

The results are reported of experiments in Bangkok designed to test fixed-time 
signal control as a replacement for manual police control at highly saturated 
junctions with flows of up to 15,000 vehicles per hour. Data collection 
methods, use of video techniques, analysis procedures, and resulting traffic­
junction performance parameters are described, The results demonstrate that it 
is possible to replace police control at such junctions, and that at linked 
junctions substantial savings in travel time can be obtained. However, existing 
computer-based techniques do not readily produce optimum control strategies, 
and additional work is needed to enable them to do so. The problems caused by 
zub~to:lnti.::l fluctuations in demand and in operating condition,:; r:lrP niscussed! 
and proposals for further work are outlined. 

The results to date are reported of a study of the 
appropriateness of using procedures of the United 
Kingdom for traffic signal control in a highly con­
gested developing city, Bangkok, and the feasibility 
of using fixed-time signal settings to release traf­
fic policemen for more important duties. 

The design of individual signalized junctions 
follows long-established procedures (.!) i although 
some recent studies have suggested modifications to 
the values used for saturation flow and passenger 
car unit (pcu) equivalents (£), others suggest that 
there has been little change in parameters during at 
least 20 years (l). Similar techniques are applied 
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elsewhere in the developed world (_!,~). Procedures 
for optimizing the fixed-time control of networks of 
signal-controlled junctions are also long estab­
lished, and the Transport and Road Research Labora­
tory's TRANSYT program (6) is generally accepted as 
the most successful optimization method. Recent de­
velopments in vehicle-actuated control of signal 
networks offer the potential for significant im­
provements in the TRJ\NSYT method <2>· 

However, it is s uggested by recent experience in 
Bangkok that neither the procedures for individual 
junction design nor those for network control may be 
appropriate for the much more heavily congested con­
ditions experienced in cities in the developing 
world. Bangkok has a widely dispersed land-use pat­
tern i only 9 percent of its land is allocated to 
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roads, and those roads are often cul-de-sacs con­
nected by a coarse network of major roads (8). As a 
result, the major junctions have very high flows 
sustained for more than 12 hr per day, with no pro­
nounced directional peaks and often with 50 percent 
or more traffic turning (9). Although vehicle types 
are not dissimilar to tho;e in the developed world, 
the vehicle mix contains a much higher proportion of 
motorcycles and driving standards are markedly dif­
ferent. 

Even though all signalized junctions have fixed­
time controllers, and approximately 50 junctions are 
coordinated in an urban traffic control system that 
initially proved successful C!QJ , it is now common 
practice for traffic police to switch the control­
lers to manual for several hours per day. This prac­
tice involves a substantial number of traffic police 
during each peak period, provides no certainty of 
reducing congestion at individual junctions, and 
removes the ability to achieve additional reductions 
in congestion by signal coordination. 

The study was designed to test the possibility of 
introducing improved fixed-time signal settings at 
individual junctions and groups of coordinated junc­
tions. such settings would need to cope with the 
different traffic patterns and vehicle types and the 
high levels of congestion and variability experi­
enced. They would, if successful, increase system 
capacity; reduce congestion, journey times, and 
variability; and release a substantial number of 
traffic police to perform other tasks that cannot be 
automated. 

STUDY PROGRAM AND METHOD 

The study involved the following: 

1. Identification of one isolated junction at 
which to test signal settings unaffected by condi­
tions at adjacent junctions, and a group of junc­
tions sufficiently closely spaced to require linkage 
of signal ·Settings; 

2. Determination of appropriate parameters for 
describing traffic performance at junctions; in par­
ticular, through car units (tcus) (11) for different 
types of vehicle and turning movement (including the 
frequent U-turn maneuver) and saturation flows on 
individual junction approaches; 

3. Measurement of demand for individual move­
ments by different classes of vehicle at individual 
junctions, and the variation in that demand during 
the 2.5-hr evening peak and from day to day; 

4. Use of currently available programs to deter­
mine signal settings for the isolated junction, and 
comparison of the performance of those settings with 
those used during manual operation by police; 

5. Use of currently available programs and pro­
cedures (modified as necessary in the light of Point 
4) to determine signal settings at the group of 
linked junctions, and comparison of the performance 
of those settings with those used during manual op­
eration. 

Site selection was substantially disrupted by the 
introduction by police, against engineering advice, 
of a major one-way system one month after the begin­
ning of the project. Because the future of the one­
way system was (and still is) uncertain, no junc­
tions directly affected could be selected. Other 
factors considered were the need for high levels of 
saturation, frequent police intervention, and suit­
able vantage points for surveys. The following sites 
were finally selected: 

• An isolated four-way junction in northeast 
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Bangkok, 2 km from the next signalized junction, 
with a peak throughput of 8,600 veh/hr, and 

• A set of four four-way junctions on a major 
east-west radial to the east of the city center and 
immediately south of the one-way system; it is gen­
erally accepted that this site is one of the most 
congested parts of the city. Interjunction spacings 
are 600, 350, and 900 m, and the busiest junction 
has a peak throughput of 15,000 veh/hr. 

Data requirements were of three kinds: junction 
performance, traffic demands, and system perfor­
mance. All data on junction performance were col­
lected by using video film taken from high build­
ings. Video was selected because it could provide a 
permanent record and because of the impracticability 
of roadside recording of such large flows. Initial 
surveys were conducted for 2 or 3 days at each junc­
tion for 2 hr during the afternoon peak period. 

Subsequently, each junction was filmed on a num­
ber of days during which experimental settings and 
police performance were being monitored. All data 
were stored on floppy disks by using the VISTA sys­
tem developed by Wootton Jeffreys PLC and an Apple 
I Ie microcomputer. Transfer required between 4 and 
14 person-hours per hour of data, depending on the 
detail of information to be retained, and therefore 
compared well with the labor costs of roadside sur­
veys. Because junctions were regularly saturated, 
throughput flows observed on film did not reliably 
represent demand. Instead, input flows were recorded 
manually, per minute, unclassified, at vantage 
points (usually footbridges) upstream of the longest 
queues. 

The main measures of system performance that were 
of concern to the police were queue lengths; traffic 
engineers were mainly concerned with travel times on 
individual movements. Because both groups needed to 
be convinced of the success of the experiment, both 
types of data were collected. At the isolated junc­
tion, one set of eight observers recorded travel 
times from the input flow observation points until 
vehicles crossed the stop line. Staff availability 
limited this survey to using number plate matching 
for white automobiles only for the seven most impor­
tant movements. Another four observers recorded 
queue length at the start of a green signal on each 
arm and also noted any disruptions of traffic. In 
the four-junction complex, travel times on 14 of the 
16 links were recorded by observers on tall build­
ings and on the other two by pairs of observers 
using number plate matching. Input flows were re­
corded by another 14 observers, and a group of up to 
12 local and project engineers observed queue 
lengths and sources of disruption. 

RESULTS 

Junction Characteristics 

Junction characteristics were determined from the 
initial survey films, primarily by using the VISTA­
based data records. In the initial analysis, at­
tempts were made to derive tcu values and saturation 
flows together for each turning movement by using 
asynchronous methods (12). It has since been shown 
that this procedure introduces bias into the analy­
sis (13); the procedure was abandoned in favor of 
sequential analysis. Values of tcu were determined 
by analyzing headways on six approaches to three 
junctions on a lane-by-lane basis. The headway of a 
specified type of vehicle was defined as the time 
from the back of the preceding vehicle's crossing 
the stop line to the back of the specified vehicle's 
doing so. Using this definition, the tcu value of 
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the specified vehicle type is approximately the 
ratio of its mean headway to that of passenger cars 
straight ahead. The values obtained are given in 
Table 1. 

Motorcycles were treated separately because of 
their behavior. During the red period, they perco­
late to the front of the queue, so that at the start 

TABLE 1 Values of tcu for Specified Vehicle Types 

Type of Vehicle 

Samlor (three-wheeled taxi) 
Light-medium commercial vehicle" 
Bus 
Automobile making right turn (unopposed)b 
Automobile making acute left turn 
Automobile making U-turn 

Value of tcu 

0.89 
1.54 
1.84 
1.00 
1.26 
1.26 

a Heavy commercia1 vehicles are banned from Bangkok streets during the working 
bday. 

Traffic drives on the left in Thailand . 

of the green signal a large bunch of motorcycles is 
in front of the other vehicles. When the signals 
change, this bunch moves off quickly, the lead 
motorcycles reaching speeds of up to 100 km/ hr. 
These motorcycles all leave within the first 6 sec 
and have a tcu value approaching 0. The remaining 
motorcycles have a tcu value that is affected by the 
type of vehicle near them and hence is determined by 
the lane that they use: 

Position of Motorcycle 
Motorcycles in curb lane 

(or lane adjacent to bus lane) 
Motorcycles in right-turn lane 
Other motorcycles 

Value 
of 

~ 

0.65 
0.62 
0.53 

The ratio of motorcycles reaching the head of the 
queue to those crossing within the main traffic 
stream was determined by the effective red/green 
(R/G) ratio for the approach. For the isolated junc­
tion, this ratio was found to be 0.48 R/G, and for 
the linked junctions, 0.31 R/G. The differences ap­
pear to be explained in part by number of lanes, 
lane width, and amount of weaving traffic. 

Saturation flows were calculated for each move­
ment rather than for each lane because lane disci-
pline was net al~·:ays reliable .. The method used was 
based on cumulative discharge graphs plotted for 
each cycle, from which the firs t 6 sec and any peri­
ods of undersaturation were excluded. The mean satu­
ration flow per lane of 2,060 pcu/hr for the four­
junction complex compared well with the 1,980 ±210 
pcu/hr found in an earlier study of some of the ap­
proaches C.!i.l· However , several of the average plots 
s howed a marked falloff in saturation flow with 
stage length; this implies that the longer cycles 
used by the police are less likely to be efficient. 

Isolated Junction Exper i ments 

After appropriate parameters for the isolated junc­
tion were calculated, signal settings were deter­
mined by using the programs SIGSET and SIGCAP, which 
are microcomputer-based (15,16). Initial experiments 
with these settings in November 1984 were unsuccess­
ful and ran the risk of losing police support for 
additional experiments. The cause was traced to er­
rors in estimates of input flow and saturation flow, 
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both of which appeared to fluctuate substantially 
from day to day. 

signal settings were recalculated by using im­
proved estimates of input flow and saturation flow, 
and with an adjustment for early motorcycles, which 
involved for each state omitting the first 6 sec of 
input flow and transferring 6 sec to the inter-green 
(all-red interval). After recalculation, an addi­
tional set of experiments was carried out in March 
1985. Experimental days were alternated with police 
days, and signal settings were adjusted on four oc­
casions in light of experience. The experimental 
settings all used a 180-sec cycle, and only varied 
by up to 8 sec in individual stage lengths. 

In contrast, the police timings were extremely 
variable, with cycle lengths ranging from 180 to 380 
sec, and with a variety of stage sequences. It ap­
peared that the police were basing their timings on 
observation from the controller of the congested 
eastern approach, which they attempted to keep 
clear, and on occaF.<ional rP.ports from police motor­
cyclists. This operation involved up to four offi­
cers at any one time. From time to time, the police 
reverted to the preexisting fixed-time settings, 
which (a) were markedly different from the experi­
mental ones, (b) imposed considerable delay, and (c) 
almost certainly contributed to police mistrust of 
fixed-time control. On Wednesday, the Tuesday exper­
imental timings were inadvertently left in the con­
troller, and the police elected to use these for a 
substantial period. 

In Table 2, data are presented on the input 
flows, saturation flows, queue lengths, and average 
delay recorded for the critical eastern and western 
approaches on the 6 days. Although the input flows 
were reasonably stable, they varied by up to ±10 
percent on an hourly basis, with marked changes in 
peak hour and peak direction. Saturation flows ex­
hibited coefficients of variation between cycles of 
up to 29 percenti as a result, even day-to-day dif­
ferences of up to 385 tcu/ hr/lane were not signifi­
cant. 

Comparison of travel times indicated that results 
were extremely sensitive to the signal settings im­
posed, stressing the need for careful adjustment of 
the t i mes initially recommended. Two problems in 
particular appear to have contributed to the error 
in the initial signal settings. The first problem 
was the treatment of the motorcycles during the 
first 6 sec; as a result, the distribution of delays 
on the different approaches was almost certainly 
underestimated. The second problem was a particular 
case of reduced saturation flow on the western arm 
oc.us~U Uy iuuy yut::u-=:::. uJ.. J: ight-turning vehicles ; 
this was difficult to detect statistically, but was 
readily apparent to observers. 

The final signal settings, on Day 5, represented 
a substantial improvement over those on Days 1 and 
3. Queues and delays under police control were con­
sistently better, although those on Day 5 were 
slightly worse than those on Day 6. In Table 3, 
which shows total vehicle delay for the eight major 
movements per day, additional demonstration of this 
is provided. It can be seen that differences in sig­
nal operation resulted primarily in a trade-off be­
tween the east-west and west-east movements, with 
lesser trade-offs between east-north, north-south, 
and north-east movements and west-south, south-east, 
and south-north movements. The difference in delay 
between the two days represents only about 3 percent 
of the total delay incurred, confirming that fixed 
timings were performing virtually as well as police 
control, even if the distribution of delays was dif­
ferent. 

The 
timings 

police were 
to retain 

sufficiently impressed by 
them for a four-week trial 

the 
in 



TABLE2 Isolated Junction Experiments and Results 

Day 1 2 3 4 6 
Day of week Thursday Monday Tuesday Wednesday Thursday Friday 
Date 7/3/85 11/3/85 12/3/85 13/3/85 14/3/85 15/3/85 
Timings• E p E pb E p 

Input fl owsc 

4:00 p.m. 
West 1,942 1,931 1,799 1,814 1,836 1,816 

5:00 p.m. 
East 1,663 1,625 1,806 1,563 1,568 1,664 
West 1,798 1,752 1,768 1,895 2,000 1,973 

6:00 p.m. 
East 1,700 1,612 1,532 1,603 1,460 1,645 

Saturation flowsd 

West-east 
Mean 4,364 4,089 4,205 4,400 4,087 4,225 
Standard deviation 393 465 567 294 718 440 

West-south and west-west 
Mean 1,574 1,557 1,629 1,412 1,695 1,332 
Standard deviation 277 401 472 389 452 408 

East-west 
Mean 2,701 2,669 2,496 2,464 2,502 2,710 
Standard deviation 313 299 389 529 501 326 

East-n orth 
Mean 1,543 1,527 1,536 1,387 1,310 1,695 
Standard deviation 145 186 204 274 263 410 

Queue lengths• 

4:00 p .m. 
West 900 200 250 110 210 700 

5:00 p.m. 
East 480 270 770 130 320 180 
West NA 370 130 130 130 300 

6:00 p.m. 
East 350 370 630 270 380 320 

Average delay f 

4:00 p.m. 
West-east 262 117 165 91 124 293 
East-west 269 114 244 103 198 98 

5:00 p.m. 
East-north 294 181 317 125 316 104 
West-east 420 125 107 110 77 180 
East-west 221 118 445 153 290 Ill 

6:00 p.m. 
East-north 205 200 619 271 347 84 

~£ a U.lfln,g. O ptflmi.'n llil l M! ltlnp; P t: dmfng :JC I l)y pOli(!C. 

~~!o~~~a/~';. ~~~~=dilt~~d:~ !~~~~ l~!~d oxporimantal liming$ for mllch of the period. 

~~~~~~:r3~~~ 11~1~;=~·~~)~"· mean nnd stand ~ rd dovi:11lon. 

Avcrn,llc ($tC) rrom .-urvcy l~inl to Cntcrfng junction; dll lny fur west-south and west-west not measured. 

TABLE 3 Isolated Junction Experiments: Comparison of Recorded Delays on 
Days 5 and 6 

Day 5 

Movement Throughput• 
Avera~e 
Delay 

East-west 2,633 247 
East-north 744 361 
North-south 1,338 137 
North-east 1,455 140 
West-east 3,715 95 
West-southd 413 128 
South-east 1,565 131 
South-north 1,346 94 
Total 13,209 155 
Total delayc 2,043 

~Vetilcl es except motorcycles during 2.5-hr period. 
Scc/vcl1. 

3 ~Vch-~e c x 10 . 
£s1 lnualed. 

Day 6 
Day 5 and Day 6 

Throughput• 
Avera~e 
Delay Total Delayc 

2,221 102 423 
855 102 181 

1,045 120 58 
1,458 106 50 
3,709 213 -437 

412 246 -49 
2,162 162 -145 
1,362 110 -22 

13,224 150 
1,985 58 
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which the officer on site only intervened when he 
considered it necessary. Unfortunately, the trial 
had to be terminated after two weeks when major road 
works severely disrupted the eastern arm. However, 
during those two weeks there was no need for manual 
intervention. 

LINKED JUNCTION EXPERIMENTS 

By using the experience of the isolated junction 
experiment, improved estimates were ma~e or llatura­
tion flows at each of the four linked junctions. 
Detailed movements were estimated from input flows 
and turning movement counts; however, because of the 
time taken to analyze these data, input flows were 
collected in April 1985, some 3 months before the 
experiment, and turning movements were taken from 
the March 1984 video record. These were initially 
input into SIGSET and SIGCAP, which suggested a 240-
sec cycle, and later into TRANSYT 8 (17) for which 
the omission of the first 6 sec of floW-was replaced 
by a modification in the start lag to allow for the 
zero-tcu motorcycles. 

The input management procedure in TRANSYT 8 was 
used in an attempt to avoid queues on the critical 
350-m link blocking the upstream junction. Because 
of the known variation in flows, a range of tests 
was conducted with TRANSYT using flows in the range 
of ±15 percent of the April average and cycle 
lengths of 150 to 270 sec. These indicated an opti­
mum of 180 sec at flows over 1.05 of the April flows. 

During the week before the experiments began, in­
put flows were checked and found to be substantially 
different from the April ones; it is indicated in 
Table 4 that the differences in mean flows on the 10 
input arms varied by between -23 percent and +41 
percent. It was known that the April flows had been 
recorded during a school holiday period, but the 
scale and distribution of the differences was wholly 
unexpected. It appears that they represent at least 
in part route changing by drivers in response to 
prevailing conditions and patterns of police con­
trol. Even within the individual survey periods, 
flows varied substantially, with coefficients of 
variation of up to 15 percent. TRANSYT times had to 
be recalculated for the new flows, but a 180-sec 
cycle was still the optimum. 

The splits and offsets recommended by TRANSYT 
were implemented on the first experimental day, 
Tuesday, July 2, 1985. Over a total of 5 exper i­
mental days, 18 adjustments were made in light of 
experience. Most of these were minor changes in 
stage length, which typically ranged from 1 to 6 
sec. One change in sequence was introduced in order 
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to avoid a delayed right turn reducing saturation 
flow for the through movement. 

The largest changes were made in the offsets, 
which in one case was changed by 57 sec. It ap­
peared, in particular, that the input management 
procedure of TRANSYT 8 was imposing undue delays on 
the approach arms. It was also clear that the offset 
calculations were inappropriate in highly saturated 
conditions where progression could not be achieved, 
and that offsets would have been better based on 
queue management requirements (~) • Again, the tim­
ings contrasted markedly with thoi;;e used by police. 
Detailed results are not yet available, but cycle 
lengths of up to 8 min have been recorded, and at 
one junction a nine-stage cycle was frequently used. 

In Table 5, summary statistics are presented for 
the five experimental days and the five monitored 
police days. On the two Mondays, a substantially 
lower level of total tr av el occur red (in veh-km/hr) 
and the two days were excluded from further compari­
son because complete travel time data were not 
available for Day 1. For the remainder, little dif­
ference in total travel occurred, although the dis­
tribution by approach and by time of day almost cer­
tainly varied substantially. 

For the four experimental days, total travel time 
was 180 veh-hr/hr or 6 percent lower, and average 
system speed 6 percent higher than on the four 
police days. The four experimental days included Day 
2, on which experimental signal settings were 
clearly in need of adjustment; Day 3, on which a 
level crossing closure blocked the main output from 
the system for up to 7 min at the height of the 
peak; and Day 5, on which there was a half-hour 
tropical rainstorm and a subsequent half-hour reduc­
tion in output on one arm, apparently caused by par­
ents picking up children from school. 

No serious incidents occurred on police Days 7 to 
10. Day 4, also on which no serious incidents oc­
curred, and for which total travel was 3 percent 
higher than average, achieved a saving of 640 veh­
hr/hr, or 21 percent, and a 29 percent increase in 
system speed. This suggests that in incident-free 
conditions substantial savings in travel time are 
possible. 

In practice, no day was entirely free of inci­
dents. In addition to the major incidents on Days 3 
and 5, several vehicle breakdowns and minor acci­
dents occurred, including one that reduced capacity 
by 20 percent for three cycles at one stop line, and 
two periods of manual operation to permit distin­
guished persons free movement through the network. 
In all cases, these incidents led to longer queues, 
which on occasion blocked the junctions. It was 
noticeable that, when this happened, drivers con-

TABLE4 Linked JWlction Experiments: Variation in Input Flows 

Arm" A B c D E F G H Total 

5 April Days 

Mean 2,305 2,063 1,406 1,189 2,028 3,024 2,358 1,765 802 704 17,642 
Standard 

deviation 83 36 77 138 54 72 122 59 41 34 292 

6 June and July Days 

Mean 1,765 2,538 1,801 1,264 1,835 2,533 3,270 1,691 897 994 18 ,589 
Standard 

deviation 254 34 85 184 130 239 271 117 70 49 554 
Change(%) -23b +23b +28b +6 -9 -16b +39b -4 +12 +41b +5 

Note: Flow is vehicles excluding motorcycles, 4:00 to 5:00 p.m. 

" B C D E 
Ai I I I F 

b J l H G 
Significant at 95 percent level. 
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TABLE 5 Linked Junction Experiments: Summary of Results 

Total 
Total Travel System 

Day Day of Week Date Timings• Travelb Time< Spcedd 

1 Monday 1/7/85 p 20,508 NA NA 
2 Tuesday 2/7 /85 E 21,398 2,986 7.17 
3 Wednesday 3/7/85 E 21,563 3,103 6.95 
4 Thursday 4/7 /85 E 22,169 2,336 9.49 
5 Friday 5/7/85 E 21,325 2,744 7.77 
6 Monday 8/7 /85 E 20,056 2,847 7.04 
7 Tuesday 9/7 /85 p 21,815 2,791 7.82 
8 Wednesday 10/7/85 p 21,772 2,589 8.41 
9 Thursday 11/7 /85 p 21,776 3,189 6.83 
10 Friday 12/7 /85 p 21,322 3,323 6.42 
2-5 E 21,616 2,792 7.74 
7-10 p 21,671 2,973 7.29 

~E --= u!l ng e;xpc:rhoout ul A~ lth•f;.S: P =timings set by police. 
In voh· ktH/hr ove.raged Q"Var l.S hr. 

~In vch-hr/ lir a\'arDltt! d. ()vtir 2.S hr. 
R'* tio Of b 10 C' iP km/ hr. 

tinued entering the junction, often violating the 
red signal to do so. The police were clearly reluc­
tant to control such behavior, and on one occasion 
the local traffic engineer elected to revert to 
manual control for a 12-min period to ease the situ­
ation. However, the results indicate that even under 
such conditions, the fixed-time settings can perform 
at least as well as police operation. 

ADDITIONAL ANALYSIS 

The experiments have demonstrated that automatic 
control is capable of controlling traffic even with 
saturation levels of virtually 100 percent, variable 
flows, and frequent incidents. It was noticeable, 
however, that several adjustments had to be made to 
the timings calculated by using standard analysis 
tools, and that occasional incidents might encourage 
local s·taff to introduce manual operation. Addi­
tional work is proposed on these issues in an at­
tempt to produce more appropriate analysis tools and 
guidance on the best procedures for manual interven­
tion. The main issues on which additional analysis 
is planned are described in the following four sub­
sections. 

Recalculation of Signal Timings 

The timings calculated initially were sufficiently 
different from the final ones to increase delay sub­
stantially. Although it will always be necessary to 
make some adjustments to initial timings, excessive 
delays may lead the police to cancel the fixed 
times, and it may be difficult anyway to make the 
most appropriate adjustments, either because of lack 
of resources or the complexity of the network. A 
clear case therefore exists for improving the ini­
tial calculations. For individual junctions, the 
most obvious sources of error are in tcu values, 
saturation flows, and input flows generally, and 
more specifically in the treatment of lead motor­
cycles and of reductions in saturation flow. Timings 
are to be recalculated by using SIGSET and SIGCAP, 
using parameters measured for the day in question, 
in an attempt to replicate the timings that were 
found to be successful. 

Sensitivity to Varying Conditions 

It appears likely that the range of input flows ob­
served, particularly for the linked junctions, would 
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in practice merit a range of signal settings. In a 
fixed time system, such variations are not practica­
ble, and the settings selected could be determined 
on a number of different bases. One possibility is 
to use average flows; however, this could lead to 
excessive delays on high flow days. Another possi­
bility is to use maximum flows; however, it may be 
that different distributions of flow arise even for 
a given high total flow. A third possibility is to 
develop timings that minimize the delay experienced 
over the range of conditions. It is on the last of 
these three possibilities that additional analysis 
is being concentrated. 

A related issue is the question of when to intro­
duce plan changes, if flows vary sufficiently to 
merit this. Because changes of even a few seconds 
per stage can add considerably to queue lengths, 
choice of both time and size of plan change can be 
critical. This issue is also to be examined further. 

Determination of Offsets 

It was clear from the linked junctions experiment 
that TRANSYT's procedures for determining offsets 
were inappropriate; it also appeared that the input 
management facility imposed unnecessarily severe 
restrictions. When junctions are saturated, progres­
sion in the normal sense is impossible because each 
vehicle will be delayed for at least one cycle at 
each junction. The key requirement, instead, is to 
avoid the disruption of upstream junctions by queues 
and, if possible, to reduce the number of standing 
waves in a queue. 

Detailed observation indicated that problems did 
not occur at junctions, provided that the tail of 
the queue was moving by the time that the stage for 
its main feed ended. This suggests a somewhat less 
conservative basis for queue management than that 
proposed elsewhere (l_~_). If stationary vehicles re­
mained in the junction, other drivers were encour­
aged to enter the junction illegally, and other 
movements were disrupted. 

Attempts were made to increase the offset on the 
shortest link to avoid this, but such attempts were 
not completely successful because queue lengths 
fluctuated considerably from cycle to cycle. The 
whole of this length was filmed, and the film is 
being analyzed further to identify a basis for off­
set calculation. On longer links, queue lengths were 
rarely sufficient to block junctions, but it was 
noticeable that queue formation was impaired when a 
standing wave occurred. This suggests the need to 
determine offsets so that the new platoon joins the 
queue just as it starts to move. 

As part of these offset recalculations, it is 
intended that the need for management of input flows 
be assessed, as well as the most appropriate basis 
for doing so. In particular, the need to impose con­
trol on free left turns, which have been identified 
by others as a source of queue management problems 
(18), will be further investigated. 

Incident Management 

Experience suggests that capacity-reducing incidents 
are likely to be frequent occurrences, and that at 
high levels of saturation they will have potentially 
serious effects on congestion. If police can be 
diverted from regular manual control, it is clearly 
merited that they be used to avoid the occurrence of 
incidents and to assist them in determining when to 
intervene and how to do so. As an input to this 
process it is intended to use the video record to 
calculate the congestion costs of recorded incidents 
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and to demonstrate the disruptive effect of drivers' 
actions after the initial incident. As a basis for 
developing guidelines for manual intervention, a 
comparison will also be made between the performance 
of manual and fixed-time control during periods with 
long queues. 

CONCLUSIONS 

The major conclusions from the study to date are as 
follows. 

1. It is possible to use automatic control of 
traffic signals in the conditions observed, which 
are among the most congested in the world. 

2. Although the travel time savings at an iso­
lated junction may be small or nonexistent, the ben­
efits of achieving good coordination at a complex 
set of junctions are likely to be substantial; anal­
ysis suggests that a saving of up to 20 percent may 
be achievable in incident-free conditions and that 
fixed-time control, even during major incidents, 
performs at least as well as police control during 
incident-free conditions. 

3. An additional major benefit is in the release 
of police manpower for other duties; it appears in 
particular that it is merited that their attention 
be diverted to the enforcement necessary to avoid 
congestion-inducing incidents or to mitigate their 
effects. 

4. Although standard analysis tools provide a 
suitable starting point for determining timings, 
considerable additional adjustment is likely to be 
required; means of improving the initial predictions 
are being investigated. 

5. The major emphasis in highly congested condi­
tions must be on queue regulation, and existing 
analysis procedures need to be modified to deal more 
adequately with queue prediction and limitation. 

6. At levels approaching 100 percent saturation, 
performance is very dependent on fluctuations in 
traffic conditions and on the occurrence of inci­
dents; additional work is needed to develop methods 
for determining delay-minimizing settings for such 
conditions. 

7. The substantial variations in flows from day 
to day and month to month, coupled with the sensi­
tivity of performance to such variations, place 
major demands on survey design. 

8. The use of video-based survey techniques was 
of considerable benefit in simplifying data collec­
tion, permitting flexibility in analysis, and pro­
viding illustLativ~ mcd:.ei:ial for i:.Laininy purIJuses. 
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